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Setting and participants: Non‐attending	young	women	in	two	UK	regions.










Conclusions: The	DCE	 and	 trial	 identified	 the	 unsolicited	 self‐sampling	 kit	 as	 the	
most	preferred/effective	intervention.	The	DCE	suggested	that	the	decision	of	some	
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1  | INTRODUC TION
For	 a	 growing	 proportion	 of	 young	women,	 embarrassment,	 anxi‐
ety,	 fear	and	 inconvenience	around	testing	are	barriers	 to	cervical	
screening.1‐4	 The	 reluctance	of	many	 to	 engage	with	 the	National	





non‐attendance	 is	 highest	 amongst	 young	women,	with	 a	 screen‐
ing	uptake	rate	during	2017/2018	of	 just	62%	in	those	aged	25	to	
29	years.7	Furthermore,	screening	uptake	is	known	to	be	lower	with	
increasing	 levels	of	deprivation,	with	uptake	 rates	 amongst	 young	
women	shown	to	vary	as	much	as	4%	between	highest	and	lowest	
deprivation	categories.8,9	This	 is	 a	 concern	and	 is	driving	 research	
into	 tailored	 interventions	 aiming	 to	 address	 women’s	 barriers	 to	
screening	and	which	could	potentially	be	embedded	within	the	ex‐
isting	CSP	to	increase	uptake.
The	 decision	 to	 invest	 in	 any	 such	 interventions	 should	 be	 in‐
formed	 by	 evidence	 on	 effectiveness	 and	 cost‐effectiveness.	
Complementary	 data	 on	 the	 acceptability	 of	 an	 intervention	 to	
women	might	also	reassure	policymakers	that	the	intervention	will	
work	in	routine	practice.	Discrete	choice	experiments	(DCEs)	offer	







preference	 studies	 published	 between	 1990	 and	 2013	 addressing	
breast,	cervical	and	colorectal	cancer	screening.13
The	DCE	 reported	 in	 this	 paper	was	 conducted	 as	 part	 of	 the	
STRATEGIC	study	(Strategies	to	Increase	Cervical	Screening	Uptake	
at	First	Invitation)	which	evaluated	novel	interventions	intended	to	
make	 screening	more	 acceptable	 to	 young	women	 receiving	 their	
first	 invitation.14,15	 Interventions	were	evaluated	 in	a	phased	clus‐















The	DCE	was	 conducted	 simultaneously	with	 the	 trial.	 Its	 ob‐
jectives	were	to	determine	young	women’s	preferences	for	the	 in‐
dividual	characteristics	of	the	phase	2	interventions	and	to	predict	










2.1 | Designing the discrete choice experiment
In	 a	DCE,	 participants	 are	 presented	with	 a	 number	 of	 questions,	
each	asking	 them	to	make	a	choice	between	 two	or	more	alterna‐
tives	 (together	 referred	 to	as	a	choice	set).	The	alternatives	within	
a	choice	set	are	described	using	a	set	of	common	attributes	(eg	in	a	








2.2 | Identifying attributes and levels
The	published	evidence	around	barriers	to	cervical	screening	helped	
develop	a	topic	guide	for	planned	qualitative	interviews	with	20‐30	
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interventions	 (HPV	SSK,	PTA,	NN),	 and	 furthermore	 in	 those	who	
had	accepted	and	declined	the	intervention.	A	first	batch	of	600	in‐
vitations	yielded	 four	 respondents;	a	second	batch	of	500	yielded	
one	 additional	 respondent.	 These	 five	 women	 underwent	 semi‐




For	 the	women	 interviewed,	 four	 issues	emerged	as	being	 im‐










As	only	 five	women	were	 interviewed,	 findings	were	reviewed	
against	 published	 evidence	 on	 the	 barriers	 to	 cervical	 screening	
and	 found	 to	 be	 broadly	 consistent.	 Together,	 STRATEGIC’s	 clini‐
cal,	quantitative	and	qualitative	 teams	ensured	 the	 finalized	 list	of	











potentially	 be	 overcome	 by	 the	 use	 of	 a	HPV	 SSK.	 Some	women,	
however,	 have	 concerns	 around	 their	 competence	 to	 perform	 a	
home	 test.19	 To	 account	 for	 these	 aspects,	 we	 included	 the	 attri‐
bute	‘Location	of	the	test’	with	levels	‘GP	surgery/clinic’	and	‘Home’.	
Women’s	 perceived	 need	 for	 more	 information	 plus	 their	 fears	
around	the	examination	could	be	allayed	by	a	trained	nurse	prior	to	
screening.	As	the	NN	could	potentially	be	an	adjunctive	option	with	
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choice	tasks.	To	reduce	the	number	of	choice	tasks,	a	D‐optimal	
design	 approach	 in	 Ngene	 1.1.2	 software	 was	 used.20,21	 This	
method	ensures	that	choice	sets	are	chosen	to	provide	a	balance	
of	attribute	levels	across	the	experiment	(orthogonality),	and	that	
attributes	 within	 a	 choice	 set	 never	 take	 the	 same	 level	 value	
(thereby	 forcing	 respondents	 to	 trade	 on	 all	 attributes	 and	 elic‐
iting	maximum	 information).22‐24	The	design	approach	suggested	
little	 informational	 benefit	would	 be	 gained	 by	 using	more	 than	
16	 choice	 sets,	 but	 given	 the	 challenges	 engaging	 these	women	
with	 the	 qualitative	 interviews,	 we	 opted	 for	 12	 sets	 to	 reduce	
respondent	burden	(see	Supplemental	File	1).
2.4 | Piloting of the questionnaire
As	well	as	the	choice	sets,	women	completing	the	questionnaire	re‐
ported	their	general	views	on	the	current	screening	programme	and	
provided	demographic	 information.	 In	addition	to	 the	paper‐based	
questionnaire,	 an	 online	 version	was	 developed	using	 LimeSurvey	




Piloting	 of	 the	 questionnaire	 took	 place	 between	 July	 and	
September	 2014	 in	 young	 women	 not	 responding	 to	 their	 initial	
screening	 invitation.	 The	 English	 and	 Scottish	 screening	 agen‐
cies	 identified	 eligible	 women	 and	mailed	 out	 the	 questionnaires.	
One	 thousand	 questionnaires	 were	 sent	 to	 women	 in	 Greater	
Manchester	(n	=	650)	and	Grampian	(n	=	350),	and	54	(5.4%)	were	
returned	(11/54	(20%)	using	the	online	version).	Responding	women	
appeared	 to	 complete	 the	 questionnaire	without	 difficulty,	 and	 in	
response	to	a	small	number	reporting,	it	was	unclear	when	the	NN	





Sample	 size	 calculations	 for	DCEs	 identify	 the	minimum	number	




Bliemer	 to	 response	data	 from	 the	pilot	 study	 showed	 that	with	
sample	sizes	>150,	it	would	be	possible	to	estimate	significant	co‐
efficients	 for	 the	 action,	 nurse	 and	 cost	 attributes.	 The	 location	
attribute	would	 require	a	 sample	size	of	1151	 (see	Supplemental	
File	1).25
2.6 | Administering the final questionnaire
The	 main	 DCE	 data	 collection	 was	 carried	 out	 between	 mid‐July	
2015	 and	 mid‐September	 2015.	 Three	 thousand	 questionnaires	
were	 sent	 to	 women	 in	 Greater	 Manchester	 (n	 =	 2000)	 and	
Grampian	(n	=	1000).	Questionnaires	were	again	mailed	out	by	the	
English	 and	 Scottish	 screening	 agencies,	 who	 in	 conjunction	with	














makers	per	 se,	 regression‐based	modelling	 can	be	used	 to	explain	
the	statistical	relationship	between	observed	factors	and	the	deci‐














Equation	1	assumes	 the	 incremental	 impact	of	 an	attribute	on	
utility	is	the	same	for	all	women.	In	reality,	different	forms	of	hetero‐
geneity	exist.	It	is	possible	to	explain	some	of	this	heterogeneity	by	
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and	a	programme	with	attributes	matching	one	of	the	STRATEGIC	




quired	to	arrange	a	test?	–	 ‘yes’,	 location	of	 test?	–	 ‘GP	surgery/
clinic’,	 availability	of	 a	nurse?	–	 ‘no’	 and	cost	of	 test	 to	 the	NHS	
–	 ‘£25’.	When	 simulating	 results	 for	 the	 PTA	 for	 example,	 only	
the	action	attribute	was	switched	from	yes	to	no.	Confidence	in‐




Predicted	 probabilities	were	 computed	 for	 each	 sampled	 coeffi‐
cient	and	for	each	of	the	competing	programmes,	and	then,	2.5th	
and	97.5th	 percentiles	 across	 1000	predicted	 probabilities	were	
identified.
Analyses	 were	 performed	 in	 Stata	 MP	 using	 the	 ‘mixlogit’	
command.26,27














[58%]	 from	 Greater	 Manchester,	 68	 [40%]	 from	 Grampian	 and	
with	two	women	choosing	not	to	say).	One	hundred	and	twenty‐
one	 (72%)	 postal	 questionnaires	 were	 returned	 and	 47	 (28%)	
women	completed	the	survey	online.	The	 low	response	rate	and	
implications	of	the	sample	size	for	the	statistical	modelling	were	




respondents	 and	 2600	 choice	 observations	 to	 estimate	 reliable	






mencement	 of	 screening	 in	 Scotland	 at	 the	 time).	 The	majority	 of	
women	were	of	White	ethnicity	and	just	under	a	half	had	been	edu‐
cated	to	university	level.	Almost	three	fifths	were	in	employment.




3.2 | Discrete choice modelling analysis
Table	 3	 shows	 the	 mean	 coefficients	 for	 each	 attribute	 from	 the	
model.	Each	of	the	attributes	had	a	significant	impact	upon	women’s	
F I G U R E  1  Flow	of	women	through	the	
study
Questionnaires sent out in 




Questionnaires sent out in 
the main DCE (n = 3000)
Questionnaires 
received (n = 54)
Response rate = 5.4%
Full responses (n = 222)
Final response rate = 5.5%
Area
Greater Manchester (n = 29, 54%)
Grampian (n = 24, 44%)
Rather not say (n = 1, 2%)
Elicitation method
Postal (n = 43, 80%)





received (n = 168)
Response rate = 5.6%
Area
Greater Manchester (n = 98, 58%)
Grampian (n = 68, 40%) 
Rather not say (n = 2, 1%)
Elicitation method
Postal (n = 121, 72%)
Internet (n = 47, 28%)
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utility.	The	alternative	specific	constant	was	also	significant	(with	a	
negative	sign),	suggesting	that	all	else	being	equal,	women	selected	
the	 first	 of	 the	 two	options	presented.	When	 considered	 in	 isola‐
tion,	 having	 to	 take	 action	 to	 arrange	 a	 test,	 having	 a	 test	 at	 the	




in	 their	preferences.	The	standard	deviation	 for	 the	 location	coef‐
ficient	was	particularly	large.
Table	 4	 reports	 the	 predictive	 analysis.	Women	 appeared	 in‐
different	between	the	current	CSP	and	the	use	of	PTAs;	predicted	
probabilities	of	selecting	each	option	were	0.503	and	0.497,	respec‐





























ingfulness	 of	 these	 individual	 values	 and	 ultimately	 chose	 not	 to	
report	 them.	Careful	 consideration	was	given	 to	 the	experimental	
design	 in	a	bid	to	 increase	participation,	 the	questionnaire	was	pi‐

















TA B L E  2  Characteristics	of	DCE	respondents
















































A	 possible	 explanation	 is	 that	 there	 exists	 a	 sub‐group	 of	
women	for	whom	home	testing	is	not	preferable.	The	DCE	showed	















The	 trial	 also	 identified	 PTAs	 as	 a	 potentially	 effective	 option	
for	 increasing	 screening	 uptake,	 whereas	 women	 in	 the	 DCE	 ap‐
peared	 indifferent	 between	 routine	 screening	 appointments	 they	
make	themselves	and	PTAs	(Table	4).	It	is	possible	that	differences	
exist	 between	women’s	 preferences	 for	 hypothetical	 scenarios	 (in	
the	DCE,	women	may	have	been	communicating	their	general	dis‐
like	of	clinic‐based	testing	per se,	regardless	of	how	the	appointment	
was	 arranged)	 and	 the	 decisions	 they	 face	 in	 reality;	women	may	
still	dislike	clinic‐based	tests	but	are	more	likely	to	respond	to	a	PTA	
because	 it	 removes	 the	onus	on	 them	to	arrange	an	appointment,	
TA B L E  3  Results	from	the	final	random	correlated	parameter	
mixed	logit	model
Means
Random correlated parameter mixed 
logit modela














































































Similar	 findings,	 where	 hypothetical	 choices	 differ	 from	 real	






























of	 engaging	 such	women	 to	understand	 the	 issues	 they	 face	with	
regard	to	cervical	screening.
Given	 the	 low	 response	 rate,	 there	 is	 potential	 for	 non‐re‐
sponse	error.	However,	it	is	difficult	to	know	how	we	might	have	
mitigated	this	further.	Watson	et	al	used	meta‐regression	to	iden‐
tify	 factors	 of	 DCEs	 influencing	 response	 rates,	 and	 reported	
more	than	2‐4	attributes	were	associated	with	reduced	response	
rates	but	 failed	 to	 find	a	negative	association	between	response	
rates	and	the	number	of	attribute	 levels.33	The	use	of	reminders	
increased	 response	 rates,	but	 the	way	 this	 survey	had	 to	be	ad‐
ministered	(the	details	of	women	were	known	only	to	the	screen‐





nevertheless	exercise	 caution	 in	drawing	wider	generalized	 con‐
clusions	from	our	work.
Finally,	 it	 is	 important	 to	 consider	 the	 implications	 of	 recent	
changes	to	the	cervical	screening	environment	for	the	findings	re‐















the	NHS	CSP	 to	 increase	 screening	uptake.	 In	 the	DCE	as	well	 as	
the	STRATEGIC	trial,	the	sent	SSK	was	the	most	preferred/effective	










by	 future	 research.	 The	 low	DCE	 response	 rate	 and	 the	 potential	
implications	for	the	generalizability	of	the	results	must	be	acknowl‐
edged.	 Future	 research	 in	 this	 area	 should	 consider	whether	 such	
questionnaires,	which	may	be	intimidating	for	respondents,	offer	the	
best	means	of	engaging	with	a	hard	to	reach	cohort	of	women.
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NW/0624).	 The	DCE	was	 included	 in	 the	 original	 protocol	 and	 in	
the	ethical	 amendment	number	5	 (dated	11/09/12)	with	a	 further	
amendment	(number	8)	approved	on	29/01/14.	The	study	was	con‐
ducted	in	accordance	with	the	ethical	principles	outlined	in	the	1964	
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